Indirect hemagglutination (IHA) tests have been employed successfully for the identification of serological types of Pasteurella multocida (4) and P. haemolytica (1) . In addition, Carter and Rappay (5) have described a modified IHA test that uses formalinized group 0 human erythrocytes (RBC). Although group 0 human RBC have been found to be the most satisfactory erythrocytes for the serotyping of P. multocida (4) strains, they are difficult for some laboratories to obtain. Also, formalinized, sensitized RBC have a tendency to clump and thus become unsuitable for the assay of antibody (6) . Namioka and Murata (10) have demonstrated that sheep RBC (SRBC) can be substituted for group O human RBC. Mukker and Nilakantan (8, 9) have described an IHA test that uses tannic acid-treated SRBC to detect antibody in cattle immunized with P. multocida. No attempt to use SRBC fixed with agents other than Formalin in the IHA test to detect Pasteurella antibody has been reported.
The purpose of this report is to describe a modified IHA test that uses glutaraldehydefixed SRBC (GA-SRBC) for the detection of Pasteurella antibody.
MATERIALS AND METHODS Bacteria. Four strains of P. multocida and one strain of P. haemolytica were used. Strains P-1059 and P-3827 of P. multocida, isolated from a turkey that died of fowl cholera and from a bovine that had pneumonia, respectively, are classified in Carter's capsular group A. Strains P-1256 and P-1235 of P. multocida, respectively isolated from a buffalo and a bovine that died of hemorrhagic septicemia, are in capsular groups B and E, respectively. Strain L-101 of P. haemolytica serotype 1 was isolated from the lung of a calf that died of acute respiratory disease. Colonies of all strains grown on dextrose starch agar (DSA) plates were iridescent in oblique transmitted light, indicating that the bacteria were encapsulated. P. multocida P-3827 also produced mucoid colonies.
Rabbit antisera. We prepared anti-P. multocida group A serum by immunizing young adult male New Zealand white rabbits with Formalin-killed P. multocida P-1059 cells. The rabbits were inoculated subcutaneously with 0.1 ml of a cell suspension (equivalent in density to a McFarland nephelometer standard of 1) prepared from a 4-h culture grown on DSA. Thereafter, the rabbits were inoculated intravenously at weekly intervals for 5 weeks: we administered 0.2, 0.3, 0.4, 0.5, and 0.6 ml at weeks 1, 2, 3, 4, and 5, respectively. Sera were collected from the rabbits 1 week after the last injection and preserved with 0.01% thimerosal and 0.06% phenol at 4°C. Anti-P. mlultocida group B and group E sera, described previously (12) , were used. Anti-P. haemolytica serotype 1 and serotype 2 sera were kindly provided by G. H. Frank, National Animal Disease Center. The sera were prepared as described by Frank and Wessman (7) .
Heat extract antigen. The cells of P. multocida P-3827, P-1256 and P-1235 and P. haemolytica L-101, grown on heavily seeded DSA in standard petri plates for 18 h at 37°C, were harvested in 1 ml of 0. 10 ,000 x g for 20 min (or at 14,500 x g for 40 min for P. multocida P-3827), and the supernatant fluid was removed by aspiration. The pelleted cells of each plate were suspended in 1.0 ml of PBS containing 1.0 M KSCN (pH 7.0) and stirred at 4°C for 2 h. The cells were pelleted by centrifugation as described above, and the supernatant fluids from the first and second extractions were combined. The extracted antigens were filtered through a 0.45-,um membrane filter (Millipore Corp.) and dialyzed exhaustively against PBS. The antigens were preserved with 0.1% sodium azide and kept at 4°C.
Fixation of SRBC. SRBC were treated with glutaraldehyde by a modification of the method of Bing et al. (3) . A 100-ml suspension of fresh SRBC in Alsever solution was washed by centrifugation (650 x g for 20 min) six times with five or six volumes of saline (0.85% NaCl). After the last wash, the packed cells were suspended in PBS to yield a 10% suspension (vol/vol) and chilled to 4°C in an ice bath. A 25% solution of glutaraldehyde (Eastman Kodak Co.) was diluted to 1% (vol/vol) with PBS and chilled to 4°C. A 10% suspension of washed SRBC was mixed with an equal volume of the 1% solution of glutaraldehyde, and the mixture was incubated at 4°C for 30 min with gentle stirring. The mixture was then centrifuged at 650 x g for 10 min at 25°C. The pelleted, fixed cells were suspended in PBS, washed three times with PBS by centrifugation, and suspended in PBS containing 0.1% sodium azide to yield a 10% suspension. The GA-SRBC were stored at 4°C.
T-GA-SRBC. The GA-SRBC to be sensitized with protein antigens of the KSCN extract were treated with tannic acid. A 10% suspension of GA-SRBC was mixed with an equal volume of PBS containing 0.005% tannic acid (wt/vol), and the mixture was incubated at 37°C for 30 min with occasional shaking. The tanned GA-SRBC (T-GA-SRBC) were pelleted by centrifugation at 650 x g for 10 min at 25°C and washed three times with PBS. After the last wash, the T-GA-SRBC were suspended in PBS to yield a 10% suspension.
Sensitization of GA-SRBC with heat extract antigen. A 10% suspension of GA-SRBC was mixed with an equal volume of a serial twofold dilution of heat extract antigen. The mixture was incubated at 37°C for 1 h with occasional shaking. The sensitized cells were washed three times with PBS by centrifugation and suspended in PBS containing 0.25% bovine serum albumin (BSA-PBS) and 0.1% sodium azide to yield a 0.5% suspension (vol/vol). The optimal dilution of antigen for the sensitization of GA-SRBC was determined by box titration against homologous rabbit antiserum. The dilution of antigen used in the IHA test was the fourfold-higher (4 hemagglutination units) concentration that showed the highest specific titer in the antiserum (1 hemagglutination unit). Fresh SRBC washed three times with PBS were sensitized with heat extract antigen of P. multocida P-1256 or P-1235, and a box titration was done as described above for comparison with sensitized GA-SRBC.
Sensitization of T-GA-SRBC with KSCN extract antigen. A 10% suspension of T-GA-SRBC was mixed with an equal volume of a serial twofold dilution of KSCN extract antigen. The mixture was incubated at 37°C for 30 min with occasional shaking. The sensitized cells were washed three times with BSA-PBS by centrifugation and suspended in BSA-PBS to yield a 0.5% suspension (vol/vol). The optimal dilution of antigen for the sensitization of T-GA-SRBC was determined by box titration.
IHA test. The IHA test was performed with a microtiter system (Dynatech Laboratories, Inc.). Serial twofold dilutions of antiserum were made in BSA-PBS, and 0.025 ml of the sensitized SRBC was added to 0.025 ml of the antiserum dilution in U-bottom plates. The plates were shaken and allowed to stand for 1 to 2 h at 25°C before SRBC settling patterns were read. The IHA titer was expressed as the reciprocal of the highest dilution of serum showing a definite positive pattern (flat sediment), as compared with the pattern of the negative control (smooth dot in the center of the well). Controls consisted of unsensitized SRBC plus test serum and sensitized SRBC plus diluent. When heterophile antibodies were detected in sera, they were removed by absorption with unsensitized GA-SRBC at 25°C for 2 h before being used in the IHA test.
RESULTS
Antigen titration. Initial experiments confirmed that a heat extract antigen of P. multocida P-1256 or P-1235 was adsorbed onto fresh SRBC and that the sensitized SRBC were specifically agglutinated by rabbit antiserum. The GA-SRBC sensitized with heat extract antigen of P. multocida P-1256 or P-1235 showed the same results in box titration as were shown by fresh SRBC. Typical results of a box titration of heat extract antigen-sensitized GA-SRBC are shown in Table 1 . An excess of antigen (dilutions of 1:16 and below) slightly inhibited IHA (P. multocida P-1235 and P. haemolytica L-101 [ Table  1] ). Almost identical titers were obtained with the same antisera when several different lots of sensitized GA-SRBC were prepared and tested during the course of the experiment. The GA-SRBC were stable for at least 7 months and adsorbed the heat extract antigens of Pasteurella strains. Controls of unsensitized GA-SRBC in each dilution of the antiserum and controls of GA-SRBC sensitized with antigen in diluent showed definite negative patterns.
Typical results of a box titration of KSCN extract antigen-sensitized T-GA-SRBC are shown in Table 2 . The antibody titer of rabbit anti-P. multocida group A serum was low against the KSCN extract antigen of P. multocida P-3827, and this result differed from that for the antigen of other Pasteurella strains. Identical antibody titers were obtained with the same sera when several different lots of sensitized T-GA-SRBC were prepared and tested. For at tions were demonstrated for the Pasteurella strains (Table 3) . GA-SRBC sensitized with heat extract antigen of P. haemolytica L-101 (serotype 1) did not react with rabbit anti-type 2 serum (data not shown).
The results of IHA cross tests of KSCN extract antigen-sensitized T-GA-SRBC are shown in Table 4 . Capsular group-specific reactions in IHA tests were not seen, with the exception of P. multocida P-3827. The KSCN extract antigen of P. multocida P-3827 showed negative reactions against heterologous antiserum and a low positive reaction against homologous antiserum. The IHA titers for all strains were generally higher in homologous reactions than in heterologous reactions.
When GA-SRBC that had not been treated with tannic acid were sensitized with KSCN extract antigen of either P. multocida P-1256 or P-1235, an IHA titer of 1,024 or 2,048, respectively, was obtained against homologous antiserum. No reactions occurred with heterologous antisera.
DISCUSSION
The GA-SRBC can be used for at least 7 months when stored at 4°C. This saves time that would be spent in preparing fresh SRBC suspensions and increases the reproducibility of the test because the same RBC lot is used. Therefore, the use of GA-SRBC in the IHA test should be useful for the serological study of pasteurellosis.
Carter and Rappay (5) have described a modified IHA test that uses formalinized group 0 human RBC. Although SRBC were not compared with human RBC in our experiment, SRBC always showed either distinct hemagglutinating or non-hemagglutinating patterns whenever fixed or fresh cells were used. We believe that SRBC can be substituted completely for group 0 human RBC.
Lysis of bovine RBC at low serum dilutions has been observed in the IHA test for the serotyping of P. haemolytica strains (1). Recently, Frank and Wessman (7) reported that bovine RBC sensitized with the P. haemolytica type 12 isolate are hemolyzed in the IHA reaction, making interpretation difficult. Frank and Wessman noted that hemolysis occurs even when the antiserum has been heat inactivated and adsorbed with bovine RBC. If fixed SRBC are employed in the IHA test for the serotyping of P. haemolytica strains, hemolysis can possibly be eliminated.
Studies have shown that formalinized cells tend to clump after storage for 6 months to 1 year at -20°C, thereby becoming unsuitable for antibody assays. In addition, uniform suspensions of formalinized cells are difficult to produce (3, 6) . GA-SRBC prepared and stored at 4°C in the present experiment consistently and easily produced a uniform cell suspension when stirred, and unsensitized GA-SRBC or T-GA-SRBC always produced definite negative patterns (smooth dot in the center of the well) in antiserum or diluent.
Heat extract antigen-sensitized GA-SRBC reacted only with homologous antiserum, confirming previous results obtained when sensitized group 0 human RBC were used (12) . Therefore, we believe that an IHA test that uses GA-SRBC would be useful for the detection of capsular group-specific P. multocida antibody. The type specificity of the IHA reaction with the heat extract antigen of P. haemolytica L-101 was determined only against anti-serotype 1 and serotype 2 sera. Our findings suggest that this test would be useful for the detection of the typespecific antibody against P. haemolytica serotype 1 strains in cattle: P. haemolytica serotype 1 strains predominate in cattle (1, 2, 7) .
The KSCN extract antigen-sensitized T-GA-SRBC reacted with both homologous and heterologous group antisera. The negative reaction of P. multocida P-3827 antigen with heterologous antiserum was considered to be due to the low antigenicity of the strain, as determined by the low IHA titer of the homologous antiserum.
The IHA test was capsular group-specific when antigens in the KSCN extract of P. multocida P-1256 or P-1235 were adsorbed onto GA-SRBC but not T-GA-SRBC. This suggests that protein antigens, common to P. multocida P-1256 and P-1235, in the KSCN extracts were adsorbed only onto T-GA-SRBC.
In this study, the results of IHA tests that used T-GA-SRBC sensitized with KSCN extract antigens indicated that cross-reactions between P. multocida and P. haemolytica took place. Similar cross-reactions have been reported by Mukkur (8) , who used tanned SRBC sensitized with P. haemolytica KSCN extract antigens to demonstrate antibody in calves inoculated with P. multocida KSCN extract. These cross-reactions suggest that there are antigens common to these pasteurellae that are extractable with KSCN. Antigens common to these pasteurellae have been demonstrated previously by immunodiffusion methods (11) . Common antigens extracted with KSCN and used to sensitize T-GA-SRBC can perhaps be used in a single IHA test to demonstrate antibody against either P. multocida or P. haemolytica.
